The as-built lattice of the Rapid Cycling Synchrotron (RCS) had two sets of correction sextupoles and two sets of quadrupoles energized by dc power supplies to control the tune and the tune tilt. With this method of powering these magnets, adjustment of tune conditions during the accelerating cycle as needed was not possible. A set of dynamically programmable power supplies has been built and operated to provide the required chromaticity adjustment. The short accelerating time (16.7 ms) of the RCS and the inductance of the magnets dictated large transistor amplifier power supplies. The required time resolution and waveform flexibility indicated the desirability of computer control. Both the amplifiers and controls are described, along with resulting improvements in the beam performance. A set of octupole magnets and programmable power supplies with similar dynamic qualities have been constructed and installed to control the anticipated high intensity transverse instability. This system will be operational in the spring of 1981.
Introduction
The RCS1 is a six-sector 500 MeV combined function proton synchrotron. While it was originally designed as a booster for the Zero Gradient Synchrotron (ZGS), it has been used only as a proton source for bombarding a uranium target in Argonne National Laboratory's (ANL) pulsed neutron source program. Figure 1 shows the layout of the machine upon start-up in the spring of 1981. The extraction point has been moved from the L-4 straight section, the point from which beam was delivered to a prototype neutron target for about two years.
A major new facility is being constructed in one of the former ZGS experimental halls. This facility, Intense Pulsed Neutron Source (IPNS), consists of a proton transport tunnel, a well-shielded target monolith, and 12 neutron beam lines. To reach this target, the extraction point in the RCS is being moved to the L-3 straight section, as shown in Fig. 1 Data gained from operation and machine studies indicated that one fast decay, monopolar linear transistor amplifier capable of 120 A peak current would serve well as a power supply for each of the four sextupolemagnets.
Step programmability every 0.5 ms during the 16.7 ms accelerating cycle was thought to be adequate. The computer controlled function generator that was designed and constructed to provide this sort of control is described in a following section of this paper.
The rapid current changes required, the 6 mH inductance of each magnet and the high cost of high- The results of operating with these programmable sextupole amplifiers has been excellent. In fact, all the concern about transistor protection seems to be for naught, since no transistors have failed in four months of operation. The proton beam is smaller and more extractable, and beam intensities of 2 x 1012 p/p have been reached. Due to the high repetition rate (30 Hz) and sextupole current sensitivity of this accelerator, badly mistuned sextupoles will cause large radiation losses inside the accelerator tunnel. Interlocks have been added to shut down the injected beam whenever the sextupole currents are not about as expected.
Programmable Octupole Magnet System
The spring 1981 start-up of the RCS will see two octupole magnets installed in the L-6 straight section of the RCS. Appropriate amplifiers will be connected with performance and protection similar to that already noted for the sextupoles. The beginnings of this project occurred about two years ago. While no definite need for octupoles was established at that time, the long delay required to get laminations stamped, coils built, etc., motivated construction based on probable future need. After considerable machine studies there is still no certainity that these magnets will cure the RCS high intensity problems, but are regarded as good insurance.
The required strength of these magnets at a beam intensity of 3 x 1012 protons was calculated to be 4.83 x 103 T/m3-m at 500 MeV.4 Limited straight section length was a significant design constraint. A 10 turn/pole coil design has resulted in a measured inductance of 2.6 mH in a completed magnet. The magnets have a laminated iron length of 0.446 m and an 3021 effective magnetic length of 0.461 m. It requires 458 A to produce the required gradient. This is some 15% above the computer prediction5 but is within the capability of the power amplifier. The magnet coils are rated 300 A dc with 13 1/min of cooling water.
The power amplifiers have much greater capability than those for the sextupoles. There are 132 paralleled transistors in the output stage operating with a collector voltage of 155 V. A di/dt (I = 0) of 55 kA/s has been measured. The amplifier will deliver the required power, but the safety margin with 10 1/min is only about 250C at the transistor junction. Of course, operation will be pulsed, not dc, and these temperatures should not be approached during normal operation.
Function Generator Design
Since it was desired to have a modular function generator design which could be used for RCS applications other than the sextupole/octupole systems, the design requirements go somewhat beyond those required for these systems. For instance, while a staircaselike output would probably be adequate for a relatively low-pass application like that described, it was desired to have a ramp-like output for applications such as beam steering and RF voltage control. Further, even though a 0.5 ms break-point spacing was adequate for the tune correction system, a 0.1 ms break-point spacing was chosen to give greater flexibility and a more curvilinear output for higher performance systems. Besides these particular requirements, there are the usual requirements of high stability, high dv/dt output capability, and high accuracy. Moreover, the function generators must be computer controlled to provide operator control flexibility, storage/retrieval, and other features.
Hardware Description Figure 4 Because of their interaction, the two function generators controlling each multipole system are forced by the software to have the same set of break-point times even though current changes may not occur at all points. The software also limits the maximum dv/dt for each section to correspond to 15 A per 0.5 ms (minimum break-point spacing) in order to more closely reflect the limited capability of the sextupole power supply.
The software (by means of logic in the control module) also maintains a narrow pulse generated at the proper real time to show the operator where in time his latest changes are taking place. Other features allow the operator to save the function at any point for later use and to recall previously stored functions.
The flexibility of a computer based function generator such as this is evidenced by the fact that the software underwent several changes and enhancements before the tune correction system was operational and is now due for changes to add new features.
